
 

Recap
Recurrence Relations

RecursionTree informal buthelpful
SubstitutionMethod formal needtoguess asymptoticsfirst
MasterTheorem for recurrenceofthe followingform

Tin a T f fin as 1 b 1



1 Mastertheremontd

MasterTheorem
Ten aT G fin as b 1

Case 1 f n 0 Nga E for some 0

T n mtdna

Case 2 fin nonalogin k o

T a v9 log n

Case 3 f n R nbgbate for some 0

and attn b c fin for some cel Irregularitycondition
Tin fin

Intuition let Q nG then compare it with f
Case 1 f polynomially smallerthan Q
Case 2 f is largerthanQ by a polylog factor
Case 3 f is polynomially largerthan Q regularity
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2 QuickSI
Intuition

widest Select a pivot manyways ofdoing this

12 Partition smallerthanpivot to the left
others to the right ofpivot

enquer 3 Recursively sortboth halves

QuickSort All h

I k Partition A 1k is indexofpivot
2 Quicksort CALI k 1
3 Quicksort Atktl n

Partition AEI n

pivot Atn
2 1 1
3 For 2 1 to n t

4 If Atg pivot
5 swap Ali with Aig
6 i itl

7 Endit
8 Endfor
9 Swap Ati with Atn
10 Return i
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3 A isofQuick

sortpfyetnersofpartit.in

Loop Invariant
1 For all KELI i i Atk pivot
2 For all Keli j 1 Atk pivot

1 2 it iitt j tjjtt.mn
Epitt _Ñ

Initialization i j 1 triviallytrue
Maintenance Assume A 1 i D pivot

and Ati j 1 pivot

1 it i ji
pivot pivot

if A j pivot
I it i n j i j
pivot pivot



it At pivot
the new Atg is the old Ati pivot
the new Ati is theoldAtg pivot

Termination Right after Forloop we have j n so
Atl i i pivot
Ati n c pivot
Atn pivot

After line 9 Swap Ain with Ati
A 1 i 1 pivot
Ati pivot
A titi n pivot

RuntimeAnalys.is atitioni n

Cometnessfuickfort follows correctness of
Partition



RuntimeralysisduckSorts

worstCase

Happens when array already
sorted

Each Partition splits thearray into
n n

n 1 and 0
my o n t

Sime Partitiontakestimelinearinn
overall runtime is n 2

2

nth 1 t.i.tl m

f's 1

Best Case Everytime split exactly in half
T a ZT E n

Same as Mengesort nlofn

Averagesetroughy if the arraywe receive is
randomly shuffled we can expect the last element pivot
to be not at the top or bottom percentiles e.g there is
80 chance that it is between 10 9090.180 prob to

be in smallest AWM largest
90 10 902 1009



Assume for simplicity we always get a 90 1109 split

T n T bn T Fn In

n
in

In ion n

lofin I
n t.in n n

i

I n k lof n

Runtime is n lofan
n.GG 6.6 nlogn align

Quick Sort performs poorly on some inputs
One way to overcome this is bypicking the pivot
randomly This way

w prob 8 we get a

partition of at least 10 90 balanced This
randomizedQuickSort algorithm has expected
runtimeof n log n for all inputs i.e inworst

case



In practice we canpick the elem in the middle or

themedianof firstmiddle last or justthe overallmedian

QuickSort
Wyworst case worsethan MergeSort
Intognl best average case

Unstable
In place
The constant in L is quite low soworks

verywell in practice
Based on Divide Conquer

Sortof MergeSort in Reverse


